Severe papillomatosis developed in the oral cavity and spread throughout the haired skin of the trunk and limbs of an 8-month-old female Chinese Shar Pei dog. The dog had received corticosteroids prior to referral, which was associated with the onset of demodecosis and papillomatosis. Papillomavirus structural antigens were detected in biopsies by immunohistochemistry using a panel of monoclonal and polyclonal antibodies. An 8.2-kilobase papillomavirus-specific DNA molecule was detected in the cutaneous lesions by high stringency Southern blot hybridization using a cloned canine oral papillomavirus DNA probe. Restriction enzyme analysis revealed that the virus in the cutaneous lesions was identical to the canine oral papillomavirus. Discontinuation of the steroids combined with the use of a mitocide, antibiotics, and an autogenous vaccine resolved the demodecosis and papillomatosis. This case report suggests that corticosteroid-induced immunosuppression can expand the tissue tropism of papillomaviruses.
The papillomaviruses are a large group of speciesspecific, double-stranded DNA viruses that infect a wide variety of vertebrate hosts, including man. 33 In dogs, papillomaviruses are known to cause benign papillomas of the skin as well as the oral, ocular, and genital mucous membranes. 27 To date, only the genome of the canine oral papillomavirus (COPV) has been cloned and chara~terized.~~ Based on transmission, immunohistochemistry, and in situ hybridization studies, it is believed that more than one papillomavirus infects the dog and that each virus has a tropism for a specific anatomic site. 27 Florid oral papillomas in Beagle dogs has been associated with an IgA deficiency (Sundberg, unpublished data).29.3n Rare case-studies document that dogs with florid oral papillomas developed small, solitary papillomas on the planum nasale, but not widespread lesions on the haired kin.^", ^^ We report extensive papillomatosis of the haired skin as well as the oral mucosa in an iatrogenically immunosuppressed Chinese Shar Pei dog. The COPV was identified by restriction fragment analysis as the virus present in the cutaneous lesions. The presence of an oral papillomavirus in cutaneous lesions in an immunosuppressed host raises the possibility that the tissue specificity of papillomaviruses is influenced by the immune system.
Materials and Methods

Clinical history
An 8-month-old, 20-kg female Chinese Shar Pei dog was referred (to EKS) with alopecia, erythematous suppurative dermatitis, and generalized exophytic papillomatosis of the oral mucosa as well as the truncal and appendicular haired skin. The papillomas had been present for 4 months. A littermate had died with severe oral papillomatosis. In the same littermate, oral papillomas had been removed surgically by the attending veterinarian but the lesions had recurred rapidly. In the dog described here, skin scrapings demonstrated the presence of mites (Demodex canis), which were responsible for generalized demodectic mange, complicated by secondary bacterial infection. The dog had initially been maintained for prolonged periods on corticosteroids (prednisone, 5 mg b i d . ; Best, Miami, FL) and antibiotics (cefadroxil, 400 mg b i d . ; Fort Dodge, Fort Dodge, IA). This suggested that both dogs might have suffered a hereditary immunodeficiency that was complicated by iatrogenic corticosteroids in the second animal. Serum protein electrophoresis revealed decreased gamma globulin (0.56; normal 0.9-2.2 g/lOO ml) and beta globulin (1.21; normal 1.3-2.7 g/100 ml), supporting this observation. Discontinuation of the corticosteroids, institution of cephradine (500 mg b i d . ; Biocraft, Elmwood Park, NJ), and weekly dipping with amitraz (Mitaban, Upjohn Co. Kalamazoo, MI) cleared the pyoderma and Demodex infestation such that regrowth of hair occurred in 2
months. An autogenous papillomavirus vaccine was pre-Vet Pathol 3 1 2 , 1994 pared (Dr. J. Gaskin, University of Florida, Gainesville) and administered 2 months after referral. However, the papillomas were already undergoing changes indicative of regression (dessication and exfoliation), so it is unclear if the vaccine had any effect. The papillomas cleared within 3 months, leaving no residual scarring. After 2 years of follow-up, the dog remains free of papillomas, demodecosis, or other skin lesions.
Tissues
Full thickness biopsies from eight cutaneous tumors were surgically removed from the neck and the truncal skin. The tissues were bisected, with representative portions fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 3-5 Fm, and stained with hematoxylin and eosin (HE) for light microscopic examination. The remaining portions were frozen on dry ice and stored at -80 C for DNA extraction.
Irnrnunohistochernistry
Serial, 6-pm sections from cutaneous tumors were stained for papillomavirus antigenic epitopes using the avidin-biotin peroxidase complex method (Vector Laboratories, Burlingame, CA) with diaminobenzidine (Sigma Chemical Co., St. Louis, MO) as the chromogen and Mayer's hematoxylin as the counterstain, as previously described.lh-LX A broadly crossreactive rabbit polyclonal antibody (DAKO Corp., Carpinteria, CA)29 and a panel of mouse monoclonal antibodies directed against specific papillomavirus epitopesIh were used. A canine oral papilloma, experimentally induced with characterized canine oral papillomavirus (COPV)? was used as a positive control substrate.
DNA extraction
Frozen papillomas were finely minced and incubated at 37 C for 18 hours in SO m M Tris-HCI, pH 8.6, 50 m M ethylenediaminetetraacetic acid (EDTA), pH 8.0, containing 0.4% sodium dodecyl sulfate (SDS) and 0.5 mg/ml of proteinase K (Boehringer Mannheim, Indianapolis. IN). Contaminating RNA was removed by digestion with S U/ml DNase free RNase (Boehringer Mannheim) for 1 hour at 37 C. The lysate was extracted twice with equal volumes of pheno1:chloroform (1: l), then twice with chloroform alone. DNA was precipitated with one volume of absolute ethanol and one volume of isopropanol, air-dried, and redissolved in TE buffer (10 m M Tris-HCI, p H 8.0, 1 m M EDTA).
Restriction enzyme cleavage and Southern blot hybridization
Cellular DNA ( 5 pg) was digested with restriction endonucleases according to the manufacturer's recommendation (Boehringer Mannheim; New England Biolabs, Beverly, MA). The resulting fragments were electrophoretically separated through horizontal 1 .O% agarose gels (FMC Bioproducts, Rockland, ME), acid depurinated in 0.25 N HCI, denatured, neutralized, and transferred under alkaline conditions to a Nytran charge-modified nylon membrane (Schleicher & Schuell, Keene, NH) by the method of Southern." The DNA was immobilized to the solid support by baking for 1 hour at 80 C in a vacuum oven.
Cloned COPV DNA3" was digested with Eco RI and separated from the pBR322 vector by electrophoresis in a 1.0% agarose gel. Linearized COPV DNA was purified from the gel using the Geneclean method (Bio 10 1, La Jolla, CA). The COPV DNA was radiolabeled using the random primer extension method* with 3000 Ci/mM deoxycytidine 5'-(a3?P)triphosphate (Amersham, Arlington Heights, IL). Specific activity ofthe probe was about 1 O8 cpm/pg. Prehybridization, hybridization, and post-hybridization washing of the membrane were done according to standard procedures.?? The filter was exposed to Kodak XAR-5 x-ray film (Eastman Kodak, Rochester, NY) for 1 to 5 hours -70 C using intensifying screens (Cronex Lightning-Plus. E.I. du Pont de Nemours & Co., Inc., Wilmington, DE).
Results
Gross lesions
Firm, pale to lightly pigmented, verrucous masses were present throughout the oral cavity, labia, and extending to the haired skin. Cutaneous lesions were similar in appearance and were pigmented light brown, similar to the color of the dog's skin. The cutaneous lesions were located throughout the haired skin. Lesions ranged from 0.5 to 2.0 cm in diameter ( Fig. 1) .
Microscopic features and irnrnunohistochernistry
Microscopically, the lesions were proliferative, exophytic papillomas consisting of marked epidermal hyperplasia on thin fibrovascular stalks (Fig. 2) . Koilocytes were located in the upper stratum granulosum extending into the lower layers of the stratum corneum (Fig, 3) . Small, single or multiple, amphophilic intranuclear structures resembled inclusions. The koilocytes stained positively by immunohistochemistry for papillomavirus group-specific antigens and papillomavirus specific epitopes that have been previously reported to be present in the canine oral papillomavirus ( Fig. 4) .16
Southern transfer hybridization
Total DNA extracts from the cutaneous tumors were hybridized under high stringency conditions (Tm = 15 C, i.e., 15 C below the DNA duplex melting temperature) with a COPV DNA probe (Fig. 5) . Undigested DNA revealed the presence of unintegrated viral genomes. Digestion with Eco RI and Cla I linearized the DNA. The length of the viral genome was 8.2 kilobase pairs. Two fragments were generated with Pvu I1 and Ava I, three with Barn HI, and four with Hinc 11. This pattern is identical to the previously published restriction map for COPV DNA. 30 The strong hybridization signals under high stringency conditions, in addition to DNA restriction patterns identical to those pub- lished for COPV, indicate that the papillomavirus isolated from the cutaneous lesions of the immunosuppressed Shar Pei dog is identical to, or an extremely related variant of the common COPV.
Discussion
DNA extracted from cutaneous papillomas of an immunosuppressed Chinese Shar Pei dog contained papillomaviral DNA with a restriction pattern consistent with the canine oral papillomavirus (COPV), which has been previously characterized and found in many geographical regions. 21, 26, 29, 30 The COPV is the only dog papillomavirus that has had its genome cloned and c h a r a~t e r i z e d .~' .~~ However, transmission studies, immunohistochemistry, and in situ hybridization methods have suggested that the dog may be infected by four or more distinct papillomavir~ses.~~ Published photographs have demonstrated canine papillomas extending from the oral labia up the planum nasale, but not extending far into the haired ~kin.*O.~~ This is the first report, to the best of our knowledge, that clearly demonstrates that the COPV can infect and cause papillomas of the haired skin. The history provided to us by the owner indicated that a littermate was severely (Fig. 5B) , Clu I (Fig. 5 0 , Barn HI (Fig. 5D ), P w I1 (Fig.   5E ), Avu I (Fig. 5F ), or Hinc I1 (Fig. 5G) , probed with a radiolabeled canine oral papillomavirus probe. affected as well. This suggests that both dogs had a hereditary immunodeficiency that was complicated by prolonged use of steroids. IgA deficiency has been reported in at least two colonies of Chinese Shar Pei dogs.I9 One dog had sinopulmonary abnormalities and developed demodecosis. Reduced concentrations of IgA have also been associated with oral papillomatosis in line bred Beagle dogs,ll some of which had received a highly efficacious live COPV vaccine as pups (Sundberg, unpublished data). 29, 30 This case report provides evidence that immunosuppression due to or complicated by prolonged use of corticosteriods can exacerbate latent papillomavirus infections and can cause an expansion in the tissue tropism of the virus. This raises the possibility that the tissue specificity of papillomaviruses is influenced by the immune system. Whereas different papillomavirus types show a predilection for particular anatomical sites, exceptions have been noted, particularly in human beings. Human papillomavirus (HPV) type 7, a virus only found in common hand warts of healthy butchers and meat handlers, was recovered from oral lesions in HIVseropositive patients. 12.31 In some immunodeficient patients, the lesions were, apart from the oral mucosa, also found in the facial skin.6 HPV type 2, a dermatotrophic papillomavirus usually associated with common hand warts, has also been identified in oral mucosal Human patients with congenital or acquired disorders of the cell-mediated or humoral immune system have an increased prevalence of papillomavirus-induced lesions. I 3 , I 7 Renal allograft recipients, receiving long-term immunosuppressive treatment to prevent transplant rejection, had an increased prevalence (range from 24 to 77%) and seventy of persistent and treatment-resistant cutaneous warts.3.10.14,15.18,24 Some authors reported malignant transformation of some of the warty lesion^.^.^^ An increased incidence of cervical premalignant and malignant lesions attributed to HPV infection has been reported in women with renal transplants receiving immunosuppressive therapy.2 If HPV-associated lesions were found in multiple genital organ sites, a subclinical immunodeficiency of unknown etiology was often found.5 Subsequently, it has been shown that HIV immunosuppressed women manifest a higher incidence and advanced pathologic consequences of cervicovaginal HPV infection. Immunosuppressed women often respond poorly to conventional treatment of HPV-induced lesion^.^,^^ This case report of florid oral and cutaneous papillomatosis in an immunosuppressed dog, with a review of similar phenomenon in human beings, provides additional evidence that the papillomavirus-induced neoplasms in other species can serve as models to determine the complicated pathogenesis of these diseases. 
